A new species of Tapirus (Perissodactyla: Tapiridae) is described from the upper Pleistocene of the Rio Madeira Formation in Araras, Nova Mamoré Municipality, Rondonia State, Brazil. Tapirus rondoniensis sp. nov. is represented by a nearly complete skull with a unique combination of characters that differ from those of extant and fossil species of Tapirus described from South America. It is diagnosed mainly by its broad frontals that bear a pneumatization extending to the frontoparietal suture, a high sagittal crest, a weakly molarized P2 lacking a protoloph, and a metaloph that merely reaches the base of the ectoloph. T. rondoniensis sp. nov. is similar in some respects to T. terrestris, but it retains some primitive dental and cranial character states in common with T. pinchaque, such as broad frontals and a weakly molarized P2.
Pernambuco (Rolim 1974) , Acre (Holanda and Cozzuol 2006; Simpson and Paula-Couto 1981) , Paraná (Sedor et al. 2004 ), Rio Grande do Sul (Kerber and Oliveira 2008) , Mato Grosso do Sul (Salles et al. 2006) , and Rondonia (Holanda and Cozzuol 2006) . Holanda and Cozzuol (2006) recognized 3 dental size morphotypes for specimens from the South American Pleistocene. The 1st morphotype is represented by tooth elements larger than those of T. terrestris and includes several species, such as T. rioplatensis, ''T. oliverasi,'' and T. tarijensis, and some specimens from Acre State (UFAC-034-PV and UFAC-035-PV). A 2nd morphotype includes dental elements smaller than those of T. terrestris and includes 1 specimen from Rondonia State (MERO-PV-002). A 3rd morphotype comprises teeth within the size range of T. terrestris and includes T. cristatellus and T. mesopotamicus. Thus, the common practice of referring isolated tapirid dental material to a particular species based merely on size, without cranial evidence, can be problematic. This paper describes a new species in the genus Tapirus from southwestern Amazonia and provides a comparison with both extant and fossil species.
MATERIALS AND METHODS
The specimen studied here was compared to several recent and fossil specimens from the collections listed in Appendix I. The anatomical description follows Ray and Sanders (1984) , Hulbert (1995 Hulbert ( , 2005 , and Colbert (2005) , and the dental terminology follows Butler (1952) . The measurements follow Simpson (1945) , Boeuf (1991) , and Hulbert (1995) , and were made during the current study.
Geological setting.-The material was collected at the Araras locality, Nova Mamoré Municipality, Rondonia State, Rio Madeira Formation (Fig. 1) . The outcrops of the Rio Madeira Formation are exposed along the margins and beds of the Madeira River in the Abunã Basin. This formation is subdivided into 2 units (Rizzotto et al. 2007) . The lower one is composed of solid argillaceous sediments, locally bioturbated, with carbonaceous material and plant remains. The upper unit is composed of fluvial sediments, including basal conglomerates with a sandy or calcareous matrix. Associated portions of coarse stratified sand, ferruginous and cemented by iron oxide and hydroxide, commonly occur. All the remains of vertebrates are found at this level. Above these conglomerates, in the top of the sequence, is a unit of yellow, silty clay, massive and bioturbated with levels hardened by iron oxides and hydroxides (Rizzotto et al. 2007 ). The sediments of the Rio Madeira Formation were accumulated in a meandering fluvial system and present facies of channel bars and evidence of fluvial floodplains.
The Rio Madeira Formation has a rich fossiliferous content of vertebrates (Table 1 ) and plant fossils. The majority of fossils were found in the Araras locality, but some are from the Prainha and Taquara localities (Fig. 1) . According to Rizzotto and Oliveira (2005) , organic sediment and wood samples collected from the fossiliferous level of 2 localities (right margin of Madeira River near Abunã District and Taquara outcrop) were 14 C-dated by accelerator mass spectrometry and radiometric-standard method (Beta Analytic, Inc., Miami, Florida) at 27,310 6 200 14 C years ago and in .46,310 14 C years ago, respectively. The fossiliferous level of the 2 localities corresponds to the same level in the Araras locality where the mammals were collected. Analyses of the palynological content for the same upper unit indicate a dominance of humid forest elements (Rizzotto and Oliveira 2005) , according with the middle Pleniglacial. The mammalian fauna association consists mainly of extinct taxa such as Eremotherium, Glyptodon, Toxodon, Trigodonops, Stegomastodon, Holmesina, Neochoerus, and other indeterminate taxa (Table 1) , being Eremotherium, Trigodonops, and Holmesina characteristic of the late Pleistocene in the Neotropical region. Some genera with living representatives, such as Inia, Trichechus, and Tapirus, are present, but the species are extinct. Combining data from fauna, dating, and palynology, we assumed that the age of the association cannot be younger than late Pleistocene.
Institutional abbreviations.-CICYTTP Occurrence.-Late Pleistocene. Diagnosis.-Tapirus rondoniensis differs from extant and fossil species in having external frontal crests that meet very close to the frontoparietal suture to form a true sagittal crest restricted to the parietals. The frontals present a relatively broad dorsal table. The skull possesses a narrow and deep supraorbital groove for the meatal diverticulum; a very weakly developed fossa for the meatal diverticulum on the dorsal table of the frontal; a shallow fossa, with no distinct margins, for the meatal diverticulum on the posterior surface of the nasal; a wide maxillary bar between the infraorbital foramen and lacrimal bone; a slender and pointed posterior process of the lacrimal; and strongly swollen frontals. In addition, the nasal process of the frontal extends between the nasals; the lambdoidal crest is projected to the level of the occipital condyles; the frontonasal process of maxilla forms the floor of a trough for the meatal diverticulum; and the anteromedial process of the maxilla is covered by the premaxilla. The dentition includes a weakly molarized P2, with a reduced protocone without a protoloph, and the metaloph reaches only the base of the ectoloph.
Description
Skull.-The specimen is a nearly complete skull of an young adult showing P4 and M2 recently erupted. However, the skull is of an individual that was still growing, because the lophs are only slightly worn and M3 is still erupting. The skull is high and long. The dorsal profile of the cranial portion is slightly rounded; the frontals and parietals project more dorsally than the nasals. The basicranium plane is oblique posterodorsally, at approximately 40u in relation to the plane of the occlusal row. The facial portion is narrow and long, corresponding to about 42% of the total length of the skull (see Table 2 for cranial measurements).
Only the frontal process of the nasals is preserved; it is considerably thick distally. The descending sigmoid process of the nasal (sensu Hershkovitz 1954; Ray and Sanders 1984) contacts the maxilla and is bent anteroventrally. This process has an irregular shape; it is thick and forms the medial wall of the nasal notch. On the dorsal surface of the nasal the fossa for the meatal diverticulum is shallow, without distinct margins, and does not approach the midline of the skull.
The premaxilla is low, relatively robust, and long. The lateral portion is convex and forms about 40% of the rostrum. The palatal portion is markedly concave medially. The posterior process of the premaxilla (sensu Hulbert 1995) is long, straight, pointed, and extends to the level of the middle of the diastema. A small diastema separates I3 from the canine. The intermaxillary suture is completely fused. The premaxillary-maxillary suture is oblique and placed anterior to the canine alveolus.
The maxilla is narrow anteriorly and wide posteriorly. The dorsomedial border is rounded and projects ventromedially. The anteromedial process of the maxilla (sensu Colbert 2005; Hulbert 1995 ) is short, thin, and without a lateral exposition. The frontonasal process of the maxilla is slightly concave dorsally, widely exposed dorsally above the orbit, and forms the floor of the trough for the meatal diverticulum. The alveolar processes converge anteriorly. The diastema is long. The palatal process is slightly concave ventrally. The infraorbital foramen is rounded and located dorsal to P2. The maxillary bar between the infraorbital foramen and the lacrimal bone is wide (approximately 10 mm).
The lacrimal is high and wide, and its lateral surface is smooth, narrow, and slightly convex. In the facial region the posterior lacrimal process is located on the orbital crest. This process is prominent and directed posterolaterally. The anterior lacrimal process is broken. On the orbital margin are 2 lacrimal foramina, 1 dorsal and a 2nd ventral to the posterior lacrimal process; only the ventral one is visible in lateral view.
Only the anterior portion of the jugal contacting the lacrimal and maxilla is preserved. The lacrimal process of the jugal is thin, and the most posterior portion that forms the zygomatic process is dorsoventrally thick. The orbital and facial parts are convex, and the lateral region is flat.
The palatine is a laminar bone. The horizontal lamina is wide and slightly concave ventrally. The medial perpendicular lamina is slightly convex, wing-shaped, and extends posteriorly to the choanae, bordering the alveolar process of the maxilla. The most posterior portion of the medial perpendicular lamina contacts the pterygoid process of the sphenoid bone and contributes laterally to the formation of the pterygopalatine fossa, which is smooth and well marked. The lateral perpendicular lamina forms the medial wall of the orbit and can be seen to be long, thin, and slightly dorsoventrally concave in spite of being badly broken. The posterior palatine foramen can be distinguished in the horizontal lamina of the palatine at the level of M2. The sphenopalatine foramen is fractured and very damaged.
Only the most posterior portion of the sagittal part of the vomer is preserved. It is located dorsal to the palatine process of the maxilla and the horizontal lamina of the palatine and forms a sulcus for the cartilaginous nasal septum anteriorly and the bony nasal septum posteriorly. This sulcus is wide anteriorly but becomes much narrower posteriorly.
The frontals are characterized mainly by a strong pneumatization of the sinus. The dorsal table of the frontals is wide, triangular, convex anteroposteriorly and swollen lateromedially. It presents a fusiform depression in the anterior half of the frontal suture. The dorsal table profile projects dorsoposteriorly to the nasal. The dorsal plane of the frontal forms an angle of about 40u with the occlusal surface. The external frontal crests meet sagittally, very close to the frontoparietal suture, so that the sagittal crest is restricted to the parietals. The nasal process of the frontal (5 anteromedial process of Hulbert [1995] ) is triangular and between the nasals. The rostrolateral process of the frontal (sensu Witmer et al. 1999 ) is very thick, medially concave, laterally convex, rugous, and projects anteroventrally. This process forms the lateral wall of the nasal notch, which is narrow and deep and placed dorsal to the orbit. The fossa for the meatal diverticulum is very limited anteriorly, and it does not extend through the dorsal table of the frontal. The postorbital process is a small apophysis located on the ventral end of the rostrolateral process of the frontal. It is prominent, pointed, and directed anteroventrally. The postorbital constriction is next to the suture with the parietal and sphenoid.
The parietal is subrectangular, proportionally smaller than the frontal, and forms most of the dorsolateral portion of the cranial wall. The sagittal crest is high, thick, and markedly convex and has an anteroposteriorly rounded outline in lateral view. The sagittal suture is partially fused.
In the temporal the petrosquamosal suture is not yet fused. The posttympanic process is low, triangular, and extends dorsally to the margin of the squamosal. Ventrally, it reaches the level of the midportion of the occipital condyles. The mandibular fossa is very flat and at about 45u to the longitudinal axis of the skull. The postglenoid process is semilunar and less prominent than the lateral wall of the mandibular fossa. The mastoid process is reduced to a narrow lamina between the occipital and temporal bones. Ventral to the mastoid process is an oval stylomastoid foramen. The lateral edge of the promontory is relatively long and concave, and the medial edge is relatively short and convex. In the lateral edge is a large fossa for the tensor tympani muscle. Posterior to this fossa is the small external opening of the facial canal. The external foramen of the optic canal in the sphenoid is visible in the lateral wall of the skull. The sphenoidal fissure is covered by sediment. Posterior and ventral to the sphenoidal fissure is the alisphenoid canal. It runs posteriorly and ventrally on the pterygoid process. The round foramen opens inside the alisphenoid canal.
The left pterygoid is almost complete. From the palatine it extends posteriorly and forms an acute crest that extends to the border with the basisphenoid. Lateral to this crest the pterygoid articulates with the alisphenoid, near the sphenosquamosal suture, through an oblique bony bridge that is anteroposteriorly and ventrodorsally directed.
In the occipital the lambdoid crest is very prominent and projects mostly posteriorly, with only a slight lateral flare. The external occipital protuberance is robust and triangular. The external occipital crest, wide but little developed, is restricted to the most dorsal portion of the supraoccipital. The paraoccipital process is narrow and slender and is fused to the posttympanic process of the temporal. The occipital condyles are triangular and lateroposteriorly directed. The intercondyloid notch is very wide. The foramen magnum is ellipsoidal, shallow, and wide. Anterior to the ventral condyloid fossa is the condyloid foramen, which is the external opening of the condyloid canal. The dorsal and ventral condyloid fossae are smoothly marked. They are arched and separated from each other by a smooth protuberance. The most posterior portion of the thick perpendicular lamina (or mesethmoid) of the ethmoid contacts the frontals dorsally, the vomer ventrally, and the left ethmoidal labyrinth.
Dentition.-Only part of the caniniform I3 root and the cylindrical roots of the canines are preserved, the last about 50% smaller than in I3. No right P1 alveolus is present, probably because it had not erupted. The left P1 is lost, except for the base of the crown and the roots. The P2 is slightly trapezoidal in shape (Table 3 ). The P2 protocone is reduced; the protocone and paracone are well separated and do not form a protoloph (Figs. 3A and 3B) . A small parastyle is separated from the paracone by a buccal ridge, but due to dental wear it is connected to the ectoloph. The paracone and metacone are higher than the protocone and hypocone; together with the parastyle they form the ectoloph. The metaloph reaches only the base of the ectoloph. No P2 mesial cingulum is present, and the distal cingulum is only slightly marked. P3 and P4 are more molariform than P2 (Table 3) ; the protoloph and metaloph are oriented transversely, and the parastyle is separated from the paracone by a buccal ridge, whereas the protoloph and the metaloph are separated from each other lingually. P3 bears weak mesial and distal cingula. P4 displays a little wear and shows thin mesial and distal cingula as in P3, however with a strong parastyle. The protoloph in M1 is worn, and the conspicuous parastyle and mesial cingulum are bigger than in P3 and P4. M2 is lost. M3 is still erupting, but it has a metaloph smaller than the protoloph. The M3 parastyle is separated from the paracone by a buccal ridge. The buccal cingulum is absent in P3-M3.
DISCUSSION
Comparison with other North and South American fossil species.-In the following comparisons only the species that possess cranial and associated dental material were considered, such as T. haysii (late Blancan-middle Irvingtonian of eastern and central United States), T. veroensis (late Irvingtonian-Rancholabrean of eastern and central United States), and T. mesopotamicus (Lujanian of Argentina). T. haysii and T. veroensis are significantly larger than T. rondoniensis in dental dimensions, as is T. mesopotamicus (Table 3) . The last shows a slight overlap in some dental measurements with T. rondoniensis, but the length total of the skull is 390 mm, whereas in T. rondoniensis it is only 364.5 mm, in this case similar to T. terrestris (mean length of 362.08 mm).
Tapirus rondoniensis differs from T. haysii (e.g., UF 80446 and UF 84190), T. veroensis (UF/FGS 277), and T. mesopotamicus (CICYTTP-PV-M-1-23; Fig. 4D ) in having strongly pneumatized frontals; a high sagittal crest; a dorsomedial border of the maxilla that is medially curved, rounded, and ventromedially directed; and a P2 that is poorly molarized.
Tapirus rondoniensis has a narrow and deep supraorbital groove for the meatal diverticulum, poorly developed on the dorsal table of frontal and nasal, whereas it is broad, deep, and very developed in T. haysii and T. veroensis.
The new species differs from T. mesopotamicus by having 2 lacrimal foramina, visible in lateral view; a lambdoidal crest projected at the occipital condyle level; a broad and open narial aperture delimited by the maxilla; and a nasal process of the frontal between the nasals (Fig. 4D ).
Tapirus cristatellus was described on the basis of fragmented cranial material (Winge 1906:198, plate VIII) , but it is possible to observe that the dorsal table of the frontal is relatively narrow, the supraorbital groove for the meatal diverticulum is very developed on the dorsal table of the frontal, and the frontal participates in the sagittal crest. These characters differ in T. rondoniensis, where the dorsal table of the frontal is broad, the supraorbital groove poorly developed and the sagittal crest formed almost exclusively by parietals.
Comparison with extant species.-Tapirus rondoniensis shares more characters with 2 extant Neotropical species of Tapirus, T. pinchaque and T. terrestris (Figs. 4A-C) , than with T. bairdii and T. indicus, such as a shallow fossa for the meatal diverticulum on the nasal, a lambdoidal crest that is oriented mostly posteriorly and only slightly laterally inclined, and an anteromedial process of the maxilla that is covered by the premaxilla.
Tapirus bairdii is the most different from the new species among all the American species. The absence of the descending sigmoid process of the nasal, an ossified cartilaginous nasal septum, and a dorsomedial border of the maxilla extended are present exclusively in T. bairdii. Tapirus indicus differs from T. rondoniensis by having a broad and massive paraoccipital process, premaxillary-maxillary suture that is located in the middle of the canine alveolus, and parastyle poorly developed on P3-M3.
The dorsal table of the frontal is broad in T. rondoniensis, a condition shared with T. pinchaque. T. terrestris has a narrow dorsal table of the frontal (Table 2, measure 11); therefore, about 50% of the frontal participates in the formation of the sagittal crest in every specimen examined (n 5 44). The sagittal crest extends well anteriorly to the frontoparietal suture in T. terrestris (which continues to the occipital), differing from the condition in T. pinchaque and T. rondoniensis, which have a sagittal crest formed almost exclusively by the parietals (Fig. 4) . With regard to P2, we have examined 44 adult individuals of T. terrestris from across its modern geographic range, and in no case did we observe a specimen lacking the P2 protoloph such as in T. rondoniensis and T. pinchaque. In T. terrestris P2 is well molarized, and the protoloph reaches to the base of the ectoloph (Fig. 3C) . However, T. rondoniensis shares with T. terrestris a high sagittal crest (Table 2 , measures 2 and 3), the dorsal table of frontals projecting dorsoposteriorly in relation to the nasals, and the rounded dorsomedial border of maxilla directed ventromedially.
The absence of the right P1 in T. rondoniensis is attributed to a rare anomaly, with no sign of a deciduous predecessor because it might not have erupted or might have been shed at about the normal time and was not replaced. However, the anomaly in the right P1 has no relationship with morphology of the protoloph on P2. The symmetry of the P2 morphology corroborates this condition.
Tapirus rondoniensis shows a mosaic of characters that differ from those of extant and fossil species of Tapirus, such as pneumatization and broad dorsal table in the frontals extending to the frontoparietal suture, high sagittal crest, weakly molarized P2, and lack of a protoloph. However, many of these characters are shared with T. terrestris and T. pinchaque. This is to be expected, because molecular analysis has recognized a sister-taxa relationship between the 2 South American species, suggesting that they had a recent common ancestor (Norman and Ashley 2000) , and morphological phylogenetic analyses have corroborated the monophyly of the Neotropical clade Hulbert 1995) . Therefore, we conclude that at least 4 species of Tapirus existed in the late Pleistocene of South America: T. mesopotamicus, T. cristatellus, T. terrestris, and T. rondoniensis. The genus Tapirus in the early to middle Pleistocene was represented in the Pampean region of Argentina by T. rioplatensis but was no longer recorded in the region from the late Pleistocene (Prado et al. 2001; Tonni 1992; Fig. 5 ).
In the late Pleistocene the species most uniformly distributed geographically was T. terrestris, found currently in different regions of the Amazonian Forest, Cerrado, and Atlantic Forest (Brooks et al. 1997) . For the Brazilian tropics during the late Pleistocene the localities for T. cristatellus overlap the current northeastern distribution of T. terrestris. The same also is true in the northern region for T. rondoniensis (Fig. 5) . However, unlike what has occurred in the northeast, where the tapir is currently restricted to a few remnants of the Atlantic Forest because of hunting and habitat destruction (Brooks et al. 1997) , it persists in the Amazon region where favorable conditions still exist (Cozzuol and Holanda 2007) . 
RESUMO
Uma nova espécie de Tapirus (Perissodactyla, Tapiridae) é descrita para o Pleistoceno superior da Formação Rio Madeira, localidade de Araras, Município de Nova Mamoré, Estado de Rôndonia, Brasil. Tapirus rondoniensis sp. nov. é representada por um crânio quase completo, que apresenta uma combinação única de caracteres que difere das espécies recentes e fósseis descritas para a América do Sul. Esta é diagnosticada principalmente pelo frontal largo, cuja pneumatização estende-se até a sutura frontoparietal, pela crista sagital alta, pelo P2 pouco molarizado, sem formação de protolofo e o metalofo que alcança apenas a base do ectolofo. T. rondoniensis sp. nov. é similar a T. terrestris em alguns aspectos, mas retém caracteres dentários e cranianos primitivos que se assemelham a T. pinchaque, como os frontais largos e o P2 pouco molariforme.
